It has been established that Coronal Mass Ejections (CMEs
INTRODUCTION
Coronal mass ejections (CMEs) are huge explosions of solar materials (clouds of plasma and magnetic fields) from the sun that are released into space. Over a distance of a few solar radii, CMEs may accelerate up to a speed of 300 and subsequently propagate through the solar wind away from the Sun (Mostl et al., 2014; Yashiro et al., 2001) . CMEs are known to be the major cause of severe geomagnetic disturbances which is often referred to as space weather (Zhang et al., 2001; Cheng et al., 2014; Cyr et al., 2000; Tripathi and There are several space weather phenomena which tend to be associated with or are caused by geomagnetic storm. These include: Solar Energetic Particles (SEP) events (hazardous to Humans), Geomagnetically Induced Currents (GIC) which cause damages to satellites and electricity grid, ionospheric disturbances which may lead to radio and radar scintillation, disruption of navigation by magnetic compass and aurora displays at much lower latitudes than normal (Baker and John, 2008) . The activity of the sun is measured by the number of sunspots appearing on its surface. The number of the sunspot increases and decreases over time in approximately 11 years called the solar cycle. Scientists are more interested in the solar cycle maximum and its minimum because they mark the peak and the least of the solar activity. Tripathi and Mishra (2005) observed that the occurrence frequency of CMEs generally follow the phase of solar cycle. Carol and Dale (2007) also established that the occurrence rate of CMEs increases with increasing solar activity, its peak occurs during solar maximum, and CMEs can occur at any time during the solar cycle. Kim et al. (2007) also asserted that CMEs tend to tag along with solar activity cycle having its highest occurrence in solar maximum and its lowest during solar minimum.
Several models have been developed to predict the arrival time of CMEs from sun to the earth. There are still deviations observed between the results from the models compared to the observed transit time of the CMEs. Since occurrence of CMEs has been observed to follow the phase of solar cycle, could it be that the phases of solar activity cycle have any influence on CMEs arrival time? Predicting the arrival time of CMEs with minimal average error has been a major issue in space weather forecast. Predicting the arrival time of CMEs with minimal average error will help serve as a practical way of getting advance warning of solar disturbances heading towards the earth, saving billions of Naira and Dollars in USA etc that would have been used to repair or replace damaged satellites and power grids, identify communication problems, help high altitude flight management and make provisions for renewable energy sources to protect the Earth against a black out. The aim of this study therefore is to investigate the influence of solar activity cycle on CMEs transit time.
METHODOLOGY

Sources of data
The coronal mass ejections data were obtained from coronagraph observations of Large Angle Spectroscopic on Solar and Heliospheric Observatory (SOHO/LASCO) CME catalog on website https://cdaw.gsfc.nasa.gov/CME-list/ for solar activity cycle 23 (1999) (2000) (2001) (2002) . The geomagnetic storm data were obtained from the World Data Centre (WDC) for geomagnetism, Kyoto Japan on website wdc.kugi.kyoto-u.ac.jp> dstdir. We selected CMEs with initial speed U ≥ 900 kms -1 associated with disturbance storm time Ojih and Okeke 107 index (Dst ≤ 100 nT). The disturbance storm time index is a measure of geomagnetic activities storm use to access the severity of magnetic storms. Dst ≤ -100 nT denotes intense geomagnetic storm. Table 1 presents Coronal Mass Ejection data with initial speed ≥ 900 kms -1 associated with intense geomagnetic storm observed for the period of solar activity cycle 23. Column 1 is the date of CME event, Column 2 is Onset time of the CME, column 3 represents the CMEs initial speed and column 4 is the Dst index.
Coronal mass ejections data
Empirical coronal mass ejection model equations
Gopalswamy et al. (2000) Model: Constant acceleration or deceleration
The author assumed that the acceleration was constant between the sun and 1AU (AU is astronomical unit, 1AU is sun -earth distance) so that the total transit time of CMEs from sun to earth is given by;
where τ is time taken by CME to travel from sun to earth, U is the CME initial speed, is acceleration, = (0.0054U-2.2) and S is the distance between the sun and the earth.
Gopalswamy et al. (2001) Model: Cessation of acceleration before IAU
The model assumes that interplanetary coronal mass ejection (ICME) acceleration ceased at a heliocentric distance of 0.76AU for all CMEs irrespective of their initial speed. Therefore the total transit time to IAU is the sum of the travel time to 0.76AU at constant acceleration, and the travel time from 0.76AU to IAU at constant speed. The total transit time from sun to 1AU is given by;
where d is acceleration cessation distance, d = 0.076AU, U is CMEs initial speed and is acceleration.
Vrsnak and Gopalswammy (VG) Model (2002 Model): Aerodynamic drag force
The model was proposed for estimating the ICME transit time when the only force acting upon the ICME in interplanetary space is the aerodynamic drag
where τ is the transit time from sun to earth, r is heliocentric radius, is solar radius, R is heliocentric distance. (R = ), U is the CMEs initial speed and V is the CMEs speed at R=10.
Ojih-Okeke modified coronal mass ejection arrival model (Ojih and Okeke, 2017)
Authors assumed that the fast CMEs undergo (1) three phases as they travel from sun to earth: a deceleration which ceases before 0.1 AU, a constant speed propagation until about 0.45AU and a gradual deceleration that continues beyond 1AU. (2) That 0.45AU, the CMEs have decelerated to solar wind speed. Total transit time of CMEs from sun to earth is given by:
Where is 0.08AU, is (0.45AU -0.08AU), is 1AU -0.45AU); = (0.0054U -2.2), = (0.0054W -2.2); is acceleration for first stage of CMEs' propagation, is acceleration for the third stage of the CMEs' propagation and W is solar wind speed.
The three empirical coronal mass ejection arrival model equations of Gopalswammy (Equations 1, 2 and 3) and the OjihOkeke modified coronal mass ejection arrival model (Equation 4) were applied to the CMEs data obtained for solar maximum period of solar cycle 23 and for the declining phase of solar cycle 23 to obtain the predicted CMEs transit time. Scatter plots of the CMEs predicted transit time as a function of CMEs initial speed were generated for each model. Linear correlation coefficient of each plot was determined. The significance of correlation was tested at 0.05 level of significant. Figure 1 showed a scatter plot of CMEs observed transit 23. The linear correlation coefficient obtained from the plot is -0.82 with p-value 0.001. This value is less than 0.05 which implies that the correlation is significant. Figure 4 is a scatter plot of CMEs predicted transit time as a function of CMEs initial speed for G2001 model. The linear correlation coefficient obtained from the plot is -0.78 with p-value 0.001 which is less than 0.05. This value depicts that correlation is significant. Figure 5 shows a scatter plot of CMEs predicted transit time as a function of CMEs initial speed for G2000 model. The linear correlation coefficient of the plot is -0.79. The pvalue is 0.001. This value is less than 0.05 which also depicts that the correlation is significant. Figure 6 is a scatter plot of CMEs observed transit time as a function of CMEs initial speed for the declining phase of solar activity cycle 23 (2003-2006) . Linear correlation coefficient obtained for the plot is -0.72 with pvalue of 0.021 which is less than 0.05. This shows that correlation is significant. Figures 7, 8, 9 and 10 are 
RESULTS AND DISCUSSION
CONCLUSION AND RECOMMENDATION
Influence of phases of solar activity cycle on coronal mass ejections transit time was investigated using solar cycle 23. CMEs data with initial speed ≥ 900 kms 
